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Proteasome Regulation of NF-^B Activity 

background of the Invention 
1- Field of the Invention 

The present invention relates to a method for reducing the cellular 
content and activity of NF-.B by use of inhibitors of proteasome 7 
ubiquitin conjugation. P™easome funcuon or 

2- Description of Related Art 

The ascription factor NF-*B and Cher members of the rei famiiv of 
P^n cmpieacpiay . oe„ m , ,o,e in the re . utatio „ of . remark, lit 
set of 8 enes ,„„o„ed in me immone and inflammatory respons „ ^ ^ . 

„ 8 „, cha ,„ , m m UnofloblIlin ^ fc IL _ 2 * 

^'«c« pt or ( .o h . i „,ene.„dcU s ,r MdIlmajorI , i stocompa,,,,,^^ . 

■ Oiveo ,„ .he inflammatoty m^. such as ^ fj^p_ a ge „ e f ~ 

adheston 8 e„es. E-seiectin. ,-ca*, and v . ram . ^ „ ^ 
«pres s ,onofa,ar f e„„mber„fc y ,„ ki «. enessuchas , M 
and ,PN... Rra „, NF-jrB is essentia, for me ettpression' f I ^ 
immunodeficiency virus (HIV). 

In the cytosoi. there is a so.ubie proteose pathway tha, „, uires ATP 
an tnvoives covaient Condon of dm ca„„ar proteins J ~™ . 

0992). Rechstemer „*,. A. *av. Cef, «„, J:1 . 30 (I987)) 
orated proteins are hydroiyaed by a 26S proteose ^ ^ 

2«.9 23 (1992). Coidberg a, Nalm 3J7;375 . 379 
muittcomponent system is Known to cataivae me aeiective delation „ 
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andappears t obepartofthe26Sprotea,om ecomplex wh - . . M 
Protein, conjugated to ubi.u.dn. This protease ^ ^ 
°een identif5ed , and ^ ^ 

dependent pathway. 6 ATp -«biquitin- 

The complex formed between multioain ^ 
very **. or id Mti =a, _ fc ^^J,"^™ * *- 
'nzytne. or 265 proteolytic complex ^ degrading 
Tne complex* contain ^ c^™^;''*"'^ - «•*• 

The complex formed contains a, leas, IcTu pdyT^d ^ 
kDa. U 12 f'ypepudes of 40-150 

A 40 IcDa polypeptide regulator of the proteasom* 
"—»■•» P— W. -M*. has been ££T "*** ** 

*«™ » - - Al**-* prot e ta whol a"™ 0 "' 00 "" ^ • 

Pro.eo.ysi, The isolated regulator exists as a 250 1^^" " 
«** *» <2-C,. It can he sab i, ile d b y d!e^d " ,0te 

ATP to inWbl , proKasome fu „ ction ^ , acks ^ ~ ^ 

has beat shown ,„ correspond ,o an esren.1,1 

p^c co mP ,e, ra : „ IU ,™r ~» - * r kDa 

cmerta. These findings suggest that „, " ^F-2 ^ 

— .echanistn of the 26S protease c^lex 3 ** " 
There is also a system in the cytosol that «.„• 

- oogenous,, synthesis CluJ J£ 

"™ S 5 0988,; Morrison „ ... , ^ ^0 " 

Townsend „ of.. Cell 42:457-167 (1985). T „ , JJ '-"3-324 (1991): 
577 (198«. M Townsend « »/., K „ 

09S«), Monaco 2> TC . «„,;. ^ fa . „ „/ 

am; Monoco. Today !3:m _ m ^oo.^ 

Wt. 52:1-123 .(l,*,: Townse „ d „ „, - ^ 
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Biophys. 218:1 (1989); Rivett et al J Bini /t. 

Of Mi (or cysretae, and ^ proteasK . ,„ ad » - 
MM-. Of proreaaome acdvidea bave „«„ iso|aw T """* ! ' 5 '" ,US 

« bitors isolattd from ccn; r 40 

- «. *~ N ,L M SC. U.S.A. MSmZ ^Z ™ 
aoctontoy iT ft 9709-9715 (i99.» and p otjfied CF . 2 U " 

(.992,). ,„ addition [0 ^ ^ 

pepddc Idcnrdea tave „„„ sy * r 

Novel molecules can also be obtained and t^t - v. 

- by „ above cited refcre 

*. « for o bl ainin« for . give „ « » 

co b e acracned for toibirors ming ^^ Zl^' 
peptide and peptidomimedc molecules can be designed h f' A " Cm * t,veI >'- 

*. -fan. or rne prottaM Fo^r h " t "° W,edg ' 0f 

example, substrate analoes can 
n,^ conBinin8 . ^ nke|y w immc[ » « b e 

of *. p„ Iease (see . ..... Siman „„,, wo , m 

Barren a, a,, (ed,,. Elaavia, pp 55 -,5 2 nil ' 
enaIogi„hi bi ,or s ), SU chaaZ-O ly .GIy-L« u .H which • 1 SB " 5 

('990,; aaa a, s0 K a„„ad y Md ^ ^ ^ (| ^ ,<B9 ' 
Various ^nu a „d chemical proMa « ' 
eranarc. or mblKU , es . ^ ^ J - » 

d.taone or an .-too e*ar. peptide chloromathy, keranes , soe 

Pepude sulfon,, fluori d es . pepli d y , u™^, rf ^ 

— < A n 8 e,as,ro era, , « ej - « 
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the several peptide a-keto ester inhibitors tested. Z - Leu . Let, - Phe - COOEt 
was the most potent inhibitor of the chymotrypsin-Iike activity with a K, of 53 
/xM._ Many such compounds exist! 

- Other tripeptides that have been described in the literature include Ac 
Leu-Leu-Leu-H, Ac-Leu-Leu-Met-OR, Ac-Leu-Leu-Nle-OR, Ac-Leu-Leu-Leu 
OR, Ac-Leu-Leu-Arg-H, Z-Leu-Leu-Uu-H, Z-Arg-Leu-Phe-H, and Z-Arg 
He-Phe-H, where OR. along with the carbonyl of the preceding amino acid 
residue, represents an ester group. 

Goldberg, in U.S. Patent Application Serial No. 07/699. 1 84. filed May 
13, 1991, discloses that the ATP-ubiquitin-dependent process has been shown 
to be responsible for the excessive protein degradation that occurs in 
conditions or disease states in which there is severe loss of body mass and 
negative nitrogen balance. A method of inhibiting the accelerated or enhanced " 
proteolysis, a method of identifying inhibitors of the process, multipain and 
proteasome inhibitors are also disclosed. 

Goldberg et al., in U.S. Patent Application Serial No. 08/016 066 
filed February 10. 1993. disclose methods and drugs that inhibit the processing 
of antigens for presentation by major histocompatibility complex class I 
molecules. Specifical.y, inhibitors of the ATP-ubiquitin-dependentproteo.ytic 
pathway are described, which can inhibit MHC-I antigen presentation These 
methods and drugs may be useful for the treatment of autoimmune diseases 
and for reducing rejection of organs and graft transplants. See. also. Michalek 
et al. Nature J6J:552-554 (1993). 

Tsubuki etal, Biochem. and Biophys. Res. Commun. 196(3) 1195- 
1201 (1993) reported that a tripeptide aldehyde protease inhibitor 
benzyloxycarbonyl(Z)-Leu-Leu-leucinaI. initiates neurite outgrowth in PC12 
cells at an optimal concentration of 30 nM. The following synthetic peptides 
are also mentioned: Z-Leu-Leu-Gly-H. Z-Leu-Leu-Ala-H, Z-Leu-Leu-Ile-H 
Z-Uu-Leu-Val-H. Z-Leu-Leu-Nva-H. Z-Leu-Leu-Phe-H, Z-Leu-Leu-Leu-H ' 
Bz-Leu-Leu-Leu-H. Ac-Leu-Leu-Leu-H, Z-Leu-Leu-Leu.sc. Z-Leu-Leu- 
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More .particularly, the present invention is directed to a method for 
reducing the cellular content and activity of NF-xB in an animal comprising 
contacting cells of the animal with a proteasome function or ubiquitin 
conjugation inhibitor of the structure (1): 



P— NH— B1 -X'-B2 -X2 -B3 4-X3-B-* -r-C R 

I I I I 

R 1 R2 R3 R4 



(1) 



where 

P is an amino-group-protecting moiety; 
^ B\ B\ B\ and B* are independently selected from the group consisting 
of j* and — - x » xi and X 3 are independently seIec£ed from 

group consisting of f~ NH — CHj — NH — — ch-ch, 

° ' OH 



— CH-CK — NH 

I I . I , and — CH=ch — • 

OH OH OH » 



R is a hydrogen, alkyl, acyl, or carboxyl; 

R\ R\ R\ and R'are independently selected from the group consisting 
of hydrogen, alky!, cycloalkyl, alkenyl. alkynyl, aryl, and -CH 2 — R*. 
where R 5 is aryl, aralkyl. alkaryl, cycloalkyl or — Y— R 6 / 
where Y is a chalcogen, and R* is alkyl; and 

A is 0 or 1. 

The "animals" referred to herein are preferably mammals. Both terms 
are intended to include humans. 

Brief Description of the Drawings 

Figure 1 shows that proteolytic processing of the p60Tth precursor to p50 in 
virro requires ATP. 
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could have important application in various areas of medicine, e.g. 
inflammation, sepsis, AIDS, and the like. 

More specifically, the activity of NF-*B is highly regulated (GriUi et 
at.. International Review of Cytology 143: 1-62 (1993); Beg etal. Genes and 
Development 7:2064-2070 (1993)). NF-*B comprises two subunits, p50 and 
an additional member of the rel gene family, e.g., P 65 (also known as Rel A). 
In most cells, the p50 and p65 are present in an inactive precursor form in the 
cytoplasm, bound to IkB. In addition, the p50 subunit of NF-«B is generated 
by the proteolytic processing of a 105 kD precursor protein NF-«B, (pl05), 
and this processing is also regulated. The sequence of the N-termina! 50 kD 
portion of p 105 is similar to that of p65 and other members of the rel gene 
family (the rel homology domain). By contrast, the C-terminal 55 kD of pl05 
bears a striking resemblance to I*B-« (also known as MAD3). Significantly, 
unprocessed pl05 can associate with p65 and other members of the rel family 
to form a P 65/pl05 heterodimer. Processing of pl05 results in the production 
of p50, which can form the transcriptionally active pSO^S heterodimer. The 
C-terminal I*B-or-homologous sequence of pl05 is rapidly degraded upon 
processing. 

There is another rel-related protein, NF-/cB I (plOO), that is similar to 
pl05 in that it, too, is processed to a DNA binding subunit, p52 (Neri et at. 
Cell 67:1075 (1991); Schmid et al.. Nature 352:733 (1991); Bours et at., 
Molecular and Cellular Biology 72:685 (1992); Mercurio et al., DNA Cell 
Biology 11:523 (1992)). Many of the structural and regulatory features of 
plOO are similar to pi05. In addition, the plOO protein can also form a 
heterodimer with p65 and other rel family members. 

In summary, the transcriptional activity of heterodimers consisting of 
p50 and one of the many rel family proteins, such as p65, can be regulated by 
at least two mechanisms. First, the heterodimers associate with UB-ck to form 
an inactive ternary cytoplasmic complex. Second, the rel family members 
associate with pl05 and plOO to form inactive complexes. The ternary 
complex can be activated by the dissociation and destruction of I«B-o:, while 
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processing reaction (e.g., ATP/Mg- dependency) suggested to the present 
inventors that the ATP-dependent protease complex of the ubiquitin-mediated 
protein degradation pathway was involved (i.e. proteasome; Rechsteiner, 1991 
Goldberg. Eur. J. Biochem. 203:9-23 (19~92), Hershko et at., Aimu Rev 
Biochem. 67:761-807 (1992)). However, this structure was only known to 
catalyze the complete degradation of proteins to small acid-soluble peptides 
and was not believed capable of processing precursors to generate active 
proteins, such as p50 NF-*B. 

Using a variety of experimental approaches, the present inventors have 
proven that the proteasome is indeed required for the processing of P 105 to 
P 50. First . it was found that the P 105/ P 607irA proteins are not processed in 
mammalian cell cytoplasmic extracts depleted of proteasome activity. 
However, addition of purified 26S proteasomes to these depleted extracts 
restores the processing activity. Second, specific inhibitors of the proteasome 
block the formation of p50 in mammalian cell extracts and in vivo. Third, 
mammalian pl05 is processed to P 50 in Saccharomyces cerevisiae in vivo] 
and a mutant in the chymotrypsin-like activity of the proteasome results in a 
significant decrease in pl05 processing. P 60T:h is ubiquitinated in vitro and 
this ubiquitination is a pre-requisite for pl05 processing. 

As mentioned above, the C-terminal half of the pi 05 (pl05C) is 
rapidly degraded during the formation of p50 and the sequence of pl05C is 
remarkably similar to that of I*B. Because of the similarity in the structures 
and activities of pl05C and I*B-«, the present inventors initiated studies to 
determine whether the proteasome is also involved in the inactivation of Uh- a . 
UB-or is rapidly degraded in response to NF-*B inducers and this degradation 
has been shown to be necessary for the activation (Mellits et al., Nucleic Acids 
Research21(22):SQ59-SQ66{\993)- Henkel etal.. Afc/are*?* 182-1 85 (1993); 
Beg et al.. Molecular and Cellular Biology 75^:3301-3310 (1993)). The 
present inventors have now shown that I*B-a degradation and the activation 
of NF-*B is indeed blocked by inhibitors of proteasome function or ubiquitin 
conjugation. 



Printad frcr, Mi.r.osa 07/15/1939 10:05:^2 page -15- 



WO 95/25533 



PCT/US95/03315 



-15- 



R7— C 



° «) 



and R' i s alky., alkaryl, aralkyl. alkoxy. ^ 

aralkoxy. 

Where R< is alkyl. it is preferably aikyl of from 1 to 4 carbon atoms 
e.g., methyl, ethyl, propyl, butyl, or isomers thereof. Additionally where R' 
is alkaryl, aralkyl, alkoxy. alkaryloxy. or aralkoxy. the alkyl moiety thereof 
is also preferably one having from 1 to 4 carbon atoms. 

Where R' is aryl. it is preferably aryl of from 6 to 10 carbon atoms 
e.g.. phenyl or naphthyl, which may. if desired, be ring substituted' 
Additionally, where R 7 is alkaryl. aralkyl. aryloxy. alkary.oxy. or aralkoxy' 
the aryl moiety thereof is also preferably one having f rom 6 to 10 carbo * 
atoms. 



It is more preferred^t^Jbe_alkyl or aralkoxy. most preferably 
methyl or benzyloxy, i.e., 



In structure (1). X represents a peptide bond or an isostere that can be 
used as a peptide bond replacement in the proteasome inhibitors to increase 
b.oavailability and reduce hydrolyric metabolism. As noted above. X can be 

C— NH CH,— NH — CH-CH, CH— CH 

« • ' OH ■ ' ^ 

OH OH OH 

or — CH=ch— . Preferably. X is ~«~ NH 

o 

Introduction of these moieties into the proteasome inhibitors results in 
the following: 



«f "Y^ N> V"^ peptide bond 

6 
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As noted above, A in structure (J) can be either 0 or l Th, u 

A ,o. , e amino acid „, due wilhin „. braeke(s is : r ;^- 

«*-r - . tri pep„d, Simil „, y , whe „ A js 

from the group consisting of alkyl and -CH _B> lut„ , 

- 4 carton aro*, e.g., raMhyi , ethy| , propy| ^ J J^* 
tteeof. e.g., ,«, P rop yl . is obut yl . sec . blKy , or _ CHj _ R! • 

- cyc,oa, k y, or t^y, „ „ more „ ^ a _ q - • « £ « 

" ,sobuty '' - ---0© • - - 

both R 1 and R 2 be isobutyl. 

"»"» * is *"<>"• " " *yl of fr „ m , „ 4 carbo „ a[oms 

et b y,. propy,, butyl . or ^ 

substituted or unsubstituted. P y 6 

. a J"T R " i ?' y '' " " PrefOT, " y "* " 6 » 10 aro™ 

.roups may be subslimted M J' 

4 carooo atoms ^tuteo ^ a , Ieas , one ^ * J 

— ot a, ,«as. one cyc,oa, k y, group. p referably . cyc|oa|ky , ° « " 

5 o, . ^o„ atoro, „„ic„ groups may h subslituM4 J^"* 

Where R 3 is substituted aryl it is nr»& ra ki. u • 
n ary,> K ,s Preferably substituted with at least 

Where R 3 is cyc.oa.kyl. it „ preferably cyc , oa , kyI rf 
carbon atoms, e.g., cyc.openty, or cyclohexy,, which groups may be 
substituted or unsubstituted. P * be 

Where R 3 is substituted cyc.oal.cyl, it is preferably substituted with at 
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(8) 

(9) 
(10) 
01) 

(12) 
(13) 



2-Leu — Leu — 



NH— CH— CHO 



10 



2-Leu —Leu — Phe — C— o 

2 — Leu — Leu — Leu H 

2— Leu —Leu — lie — H 
Z— Leu —Leu N H — CH — CHO 





2 — Leu — Leu — Trp — H 



(14) 

(15) 
(16) 

07) 



(18) 



(19) 
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2— NH— CH — C— Leu — Nva — H 




2— NH— CH— C— Leu —Leu — H 




(27) 



2 — Leu — Leu — NH — CH — CHO 

OCH, 



(28) 



2 — Leu — Leu — NH — CH — CHO 



& 



(29) 
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2 — NH — CH — C — Leu — Leu — H 




(35) 



cp 

O 

Z NH -CH C — NH — CH C — Leu — H C 36 > 
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The present invention relates to a method for reducing the cellular 
content and activity of NF-<B in an animal compristng contacting cells of 
the animal with inhibitors of proteasome function or ubiouitin conjugation 
In the present method, the accelerated proteolysis is inhibited by interfere 
with the ATP-Ub-dependent pathway at one or more possible steps (e . 
by interfering with activity of the 26S proteasome complex or "fay 
interfering with activity of one of its components). 

A particularly useful approach to testing drug candidates for their 
ability to inhibit the ATP-ubiquitin-dependent degradative process is to do 
so m cultured cells in which a short-lived protein whose degradation is 
ub,qmun-dependent is produced, mhibidon of the process leads to 
accumulation of the protein in the cytosol. The extent to which the protein 
accumulates in the cytosol can be determined, using known methods For 
example, a potential inhibitor of the process can be introduced into cultured 
cells producing a short-lived enzyme and the extent to which the enzyme 
« present in the cytosol in the presence of the potential inhibitor can be 
compared with the extent to which it occurs™ its absence. Accumulation 
of the enzyme in the presence of the potential inhibitor is indicative of 
mhibition of the ATP-ubiquitin-dependent processes by the potential 
inhibitor being tested. Cultured cells, such as COS cells, which are stably 
transformed with a gene encoding a short-lived protein whose degradation 
is ub,quitin-dependent (e.g., a short-lived enzyme, such as a mutant 
tf-galactosidase from E. coll, whose half-life is about 1 5 minutes and whose 
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Data also show that MG 101 is an inhibitor of the 26S ATP 
dependent protease a*d an inhibitor of the proteasome (macropain mu lu- 
catalytic protease) (Table IV). 



Table IV 

MG 101 Inhibits Different Forms ofMu^u p p|n< 



Enzyme 
Preparati on 

20S Proteasome 



No Inhihimr 

Relative Catalytic 
Efficiency 



26S Proteasome Co mplex 

20S Proteasome + 
Muscle 180 kDa Activator 




MG 102 



20S Proteasome + SDS 



adm , . Tbe "* ,bm ' S W * — » — « * They cao bo 

^ ° f ™es, tadutog " 

moavcoo*,,. in^c^y. .opically. aod by tafi^io,, (PUa J al U S 
Pateo. No. 4.510. 130; BaoaUmc-o „ „,. Prcc . NmL ^ " * 

- * « be a**^ b combinaliM wjth . o « 
™ e ca™ (e . 8 .. physiological ^ ^ effecuve 
-*-r .0 be E ,veo wU, be de^ed „ „ m ^ * ^ 

-* <—*»-. * d* parted ^ 
and *. siae ^ welght of fc 
a,oae or in co mbiratio „ with ^ 
of another pathway. or 

Table V summarizes data for the inhibition of the 20S proteasome 
by various tripeptide aldehyde inhibitors. 
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Example 1 
Preparation of Z-L-leucine-L-leucine-L-norvalinal 

a) Boc-Lrnorvaline N.O-dimethylhydroxylamide 
l-EthyI-3-(3-dimethyIaminopropyI)carbodiimide hydrochloride (443 mg) 
in one portion was added to a mixture of N-Boc-L-norvaline 
dicyclohexylammonium salt (838 mg), N\0-dimethyIhydroxylamine 
hydrochloride (215 mg), l-hydroxybenzotriazo!e monohydrate (340 mg), and 
N-methylmorpholine (0.28 ml) in dimethyl formamide (DMF, 20 mI)at0°C. 
The mixture was stirred at 0°C for 2 hours, then at room temperature for 
40 hours. The reaction was quenched with water (80 mL) and the mixture 
was extracted with ethyl acetate (EtOAc, 3 x 100 mL). The combined organic 
layers were washed with aqueous 10% hydrogen chloride (HC1), saturated 
sodium bicarbonate (NaHCO } ), and brine, then dried over anhydrous 
magnesium sulfate (MgSO,), filtered, and evaporated to afford the product 
(546 mg) as an oil. 

b) Z-L-leucine-L-leucine-L-norvaline N,0- 
dimethylhydroxylamide 

A solution of N-Boc-L-norvaline N.O-dimethylhydroxylamide (546 mg) 
and trifluoroacetic acid (8 mL) in methylene chloride (20 mL) was stirred at 
0°C for 3 hours. The solvent was evaporated under reduced pressure and the 
residue was dried under vacuum. To this flask was added Z-L-leucine-L- 
leucine (794 mg), 1-hydroxybenzotriazole monohydrate (340 mg), 
N-methylmorpholine (0.28 mL). and DMF (20 mL). l-Ethyl-3-(3- 
dimethylaminopropyOcarbodiimide hydrochloride (442 mg) was then added at 
0°C. The mixture was stirred at 0°C for 2 h. then at room temperature for 
24 h. The reaction was quenched with water (40 mL) and the mixture was 
extracted with EtOAc (3 x 60 mL). The combined organic layers were 
washed with aqueous 10% HC1. saturated NaHCO,, and brine, then dried over 
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b) Z-L-Ieucine-L-Ieucine-Heucine N.O-dimethylhydroxylamide 
A solution of N-Boc-L-leucine-L-leucine N.O-dimethylhydroxylamide 
(923 mg) and trifluoroacetic acid (10 mL) in methylene chloride (20 mL) was 
stirred at O'C for 3 hours. The solvent was evaporated under reduced 
pressure and the residue was dried under vacuum. A portion of this product 
(488 mg) was transferred to another flask and was combined with Z-L-leucine 
(451 mg), 1-hydroxybenzotriazole monohydrate (276 mg) 
N-methylmorpholine (0.22 mL), and DMF (15 mL). l-Ethyl-3-(3- 
dimethylaminopropyl) carfaodiimide hydrochloride (357 mg) was then added 
at O'C. The mixture was stirred at 0°C for 2 h, then at room temperature for 
42 h. The reaction was quenched with water (50 mL) and the mixture was 
extracted with EtOAc (3 x 60 mL). The combined organic layers were 
washed with aqueous 10% HC1, saturated NaHCO,, and brine, then dried over 
anhydrous MgSO«. filtered, and evaporated to afford the product as a white 
solid. This was further purified by silica gel chromatography (hexane/acetone 
80:20, 70:30) to give the title compound (546 mg) as a white solid. 

c) Z-L-leucine-L-leucine-L-Ieucinal 

A solution of Z-L-leucine-L-leucine-L-Ieucine N.O- 
dimethylhydroxylamide (546 mg) was dissolved in 15 mL dry tetrahydrofuran 
(THF) and cooled to 0°C. Lithium aluminum hydride (1 M solution in THF, 
4.1 mL) was added and the mixture was stirred at 0°C for 30 minutes 
Potassium bisulfate (1.39 g) in 30 mL water was added and the mixture was 
extracted with EtOAc (3 x 50 mL). The combined organic layers were 
washed with aqueous 5% HCI, saturated NaHCO,, and brine, then dried over 
anhydrous MgS0 4 . filtered, and evaporated to afford the product (446 mg) as 
a white solid. This was further purified by reverse phase HPLC 
(water/acetonitrile). 
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c) Z^l^(2-naphthy])-Alanine-I^(l-naphthyl)-AJanine~L-Leucine- 
N, O-dimethylhydroxylami de 

A solution of Boc-L-(l-naphthyl)- a lanine-L-leucine NO 
dimethylhydroxylamide (459 mg), trifluoroacetic acid (5 mL), and thioanisole 
(2 mL) was stirred at 0»C for 2.5 hours. The solvent was evaporated and the 
res.due was dried under vacuum. A portion of this product (182 mg) was 
transferred to another flask and was combined with Z-L-(2-naphthyI)-alanine 
(171 mg), l-hydroxybenzotriazolemonohydrate^ mg),N-methylmorpholin e 
(0.08 mL), and DMF (10 mL). l-EthyI-3-(3-dimethyiaminopropyI) 
carbodnmide hydrochloride (112 mg) was then added at 0°C. The mixture 
was stirred at 0°C for 2 h. then at room temperature for 41 hours. The 
reaction was quenched with water (20 mL) and the mixture was extracted with 
EtOAc (3 x 50 mL). The combined organic layers were washed with aqueous 
10% HC1, saturated NaHCO,. and brine, then dried over anhydrous MgSO 
filtered, and evaporated to afford the product as a white solid. This was then 
purified by silica gel chromatography (hexane/acetone 80:20, 70:30) to give 
the title compound (321 mg). 

d) ^(2-napbthyl)-Alanme-r.(l-naphthyl)-Alamne-^ucinaI 
Z-L-(2-naphthyl)-alanine-L-(l-naphthyl)-alanine-L-leucine-N O- 
dimethylhydroxylamide(321 mg) was dissolved in 15 mLdry tetrahydrofuran 
(THF) and cooled to 0»C. Lithium aluminum hydride (1 M, solution in THF, 
1.7 mL) was added and the mixture was stirred at 0°C for 30 minutes' 
Potassium bisulfate (0.59 g) in 30 mL water was added and the mixture was 
extracted with EtOAc (3 x 40 mL). The combined organic layers were 
washed with aqueous 5% HC1, saturated NaHCO,. and brine, then dried over 
anhydrous MgSO., filtered, and evaporated to afford the product (274 mg ) as 
a white solid. 
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Example 6 

Imntunodeptetion of the proteasome inhibits the processing of NF—kBj 

Monoclonal antibodies against specific components of n, 
(MCP20, 29K) and a control m^ak • m P°"ents of the proteasome 

shown in Figure 4. P The results are 

Example 7 

Purified proteasomes stimulate the processing o fp 60 Tth 

Increasing amounts of purified 20/26S proteasome or . „ 
ennched fraction from reciculocvte lysate , , 

were combined with Pr(II) extract {fl a n . 3dded a,one °«" 

of atp altows ubiquidnalion bui ..li^zrr * 

See Figure 5. P^easome funct.on (lanes 3-5). 

Example 8 
The P 60Tth precursor protein is ubiguiHnated. 

In this Example, and in those described above ther, . , , 
bands that appear when me substrate is ^ 
Proteasome acUvity^-, The ubiquiti nation of P 60 is JI Iron * 
7-5 « of purified ubi q ui t i„ (ub) is added to the Pr (I ZZ ^ 
reaction (lane 5). See Figure 6. 3 Pr ° CCSsin * 
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bTi ,r ,s " Heure *• °+ proEaMm ■*■*-. 

These results were verified in vitro. 



Example 12 

Specific inhibitors of the proteasome block activation of NF-rt 
HeU or MG63 cells were pretreated with inhibitors (50 „M) for one 

for 30 and 60 minutes, respectively. Whole-cel. extracts were prepared and 
analy ZCd by an electrophoredc mobility shift assay. The NF-kB «J J m A 
mterferoM gene was use, to examine NF-*cB binding activity and ^ pIRE 
-e fro, the IRF-1 gene was used to measure gamma-activate, factor 
activity. The inhibitors on.y blodc NF-.B activation and have no effect on 
GAF induction. The results are shown in Figure 10. 

wi„ be A T Sh T rCferS t0 PaniCU,ar Preferred -^diments, it 

will be understood that the present invention is not so limited. It wi„ 

to those ordinarily skilled in the art mat various modifications may be made 
to the d,sc.osed embodiments and that such modifications are intended to be 
within the scope of the present invention. 
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3. The method of claim 2 wherein P is 

R7 — C 

If 
O 



and R« is alkyl, aryl. alkaryl, aralkyl, alkoxy, aryloxy, alkaryloxy, or 
aralkoxy. 



4. The method of claim 3 wherein X 1 , X 2 , and X 3 are 

O 
II 

C— NH 



5. The method of claim 4 wherein A is 0 and B 1 , B 2 , and B 3 are 

I 



6. The method of claim 5 wherein R' and R 2 are independently 
selected from the group consisting of alkyl and -CH 2 -R\ where R* i s 
cyclohexyl or naphthyl. 

7. The method of claim 6 wherein R 1 and R 2 are isobutyl. 

8. The method of claim 2 wherein the proteasome inhibitor is 
selected from the group consisting of 

Ac — Leu -^Leu — Nle — H 
Ac — Leu — Leu -Met -H 
Z-Leu — Leu -VaJ — H 
2-Leu — Leu —Nle -H 
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2— Leu —Leu — NHCHCHO 




NO, 



2— Leu —Leu — NH — CH — CHO 



2 — Leu — Leu — NH- — CH — CHO 

CH,— C-CH, 
CH3 

2 — Leu — Leu — NH — CH — CHO 

CHj-CH^CHj 

2 — Leu — Leu — NH — CH — CHO 

CHj-CssCH 



2 — NH CH — C — Leu — Nva — H 




5 



O 



II 
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Ac — Leu — Leu- — Leu — H 

CH, O 
1^ II 

CH, — C— O— C— Leu —Leu —Leu — H 
2 — Leu — Leu — NH — CH — CHO 



2 — Leu — Leu — NH — CH — CHO 




2— Leu — Leu — NH 



H— CHO 
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Z— NH— CH— C— Ala — Leu — H 




where: 



O 

Ac CK^C— 



CHg— O— C 



NJe = Norleucine 
Nva = Norvaline 
Nal = Naphthylalanine 



9. The method of claim 2 wherein the proteasome inhibitor is 
selected from the group consisting of 




H o <: h 




\ 

s 



H O < K 6 
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